Adult canaries (Serinus canarius) from a closebred colony of the Belgian "Waterslager" strain were trained with operant techniques to respond to pure tones. A psychephysical tracking procedure was used to measure absolute auditory thresholds in quiet and in noise. Absolute thresholds in the middle-to high-frequency region of the audiogram were between 30 and 40 dB higher (4-5 standard deviations) than those typically reported for other song birds including canaries of other strains and Waterslagers tested some years ago from another colony. Thus the Millbrook colony of domestic canary--an oseine songbird which learns its vocalizations by reference to auditory information--shows unusually high absolute thresholds for pure tones.
INTRODUCTION
The existing data on hearing in songbirds from both physiological and behavioral studies show a maximum sensitivity approaching human thresholds in a narrow frequency region between 2.0 and 5.0 kHz with dramatically decreasing sensitivity above and below this frequency region (Doeling, 1980 (Doeling, , 1982 Konishi, 1970) . Previous behavioral and physiological studies of hearing in the canary have shown that it is similar to these other songbirds (Konishi, 1969 
$ub/ects
Nine adult canaries (Serinus canarius) were selected at random from a large mixed colony and trained with operant conditioning techniques to respond to pure tones. Five of these canaries were of the Belgian Waterslager strain obtained from a closebred colony at the Rockefeller University Field Research Center, Millbrook, NY (four males, one female); one was an American Singer canary (a male) obtained from Cornell University, and three were of the German "Roller" strain obtained from a local pet supplier (one male, two females). During this study, all birds were housed at the University of Maryland and kept on the same normal light cycle. All testing was done between the months of July and March.
Apparatus
The apparatus and training procedures have been described previously (Park et al., 1985) . The birds were tested in a small wire cage (25 X 25 X 25 cm) which was mounted in an anechoic chamber (2.5)< 5.0 X 2.5 m). Pure-tone stimuli were presented from a loudspeaker mounted 42 cm directly above the bird's head. A standard pigeon grain hopper was used for food delivery, and response keys were constructed from microswitches and LEDs. The bird reported detection of a pure tone by pecking the microswitches. All aspects of stimulus presentation during both training and testing were controlled by a Zenith H-89 microcomputer operating a Coulbourn Instruments Dynaport serial interface. The audiometric circuits consisted of logic and analog modules from Coulbourn Instruments. Sound field calibration was accomplished by placing the microphone of a Oeneral Radio 1982 sound level meter in the position normally occupied by the bird's head during testing.
Training and thresho/d testing procedure
The bird was trained by standard operant techniques to peek one key (observation key) repeatedly when it did not hear a tone and to peck a second key (report key) when it did. A correct response or hit (a peek on the report key during tone presentation} was reinforced with food. A false alarm (a peek on the report key when no tone was presented) was punished with a 4-s timeout period during which the lights were extinguished in the test chamber. were trained and tested in daily sessions consisting of 40 trials. The birds were trained with a 1.0-kHz pure tone presented at 83 dB SPL until they attained a level of 90% correct combined with a false alarm rate of less than 10% over a session of 40 trials. Threshold testing commenced at this point. During threshold testing, the probability of tone onset following an observation response was 0.10. For the first ten trials, the tone intensity was fixed at a level 10 to 50 clB above the bird's suspected threshold. For the next 30 trials, the same procedure was continued but stimulus levels were contingent on the bird's responses. Two successive correct responses (hits} lowered stimulus intensity for the next trial by one step, while one incorrect response (miss} raised the stimulus intensity for the next trial by one step. At the start of a session, step size was first set to 8 dB and then to 2 dB at an intensity within 10 dB of the bird's suspected threshold. This procedure is somewhat similar to the adaptive tracking procedure described by Levitt { 1970) but, in the present case, the task is a YES/NO task rather than a two-interval forcedchoice task. Testing was continued at a given test frequency until the difference between the tracking reversal points over the last ten trials of a session was less than 4 dB. The threshold for this session was then defined as the mean of the high and low reversals over the last ten trials. Typically, two to four reversals were observed during the last ten trials of a session. The final threshold value at a test frequency was a median threshold from three test sessions. The order of frequencies tested was randomized and a different random order was used for each bird.
A schematic diagram of the events in a typical test session is shown in Fig. 1 . The bird is first tested on ten trials at a fixed intensity followed by a tracking procedure with a step size of 8 riB. Within 10 dB of the bird's suspected threshold, step size is reduced to 2 riB. The threshold from the record in It is unlikely that these differences are due to motivational differences between groups of canaries in the testing situation. There were no differences at threshold between the two groups of canaries either in false alarm rate or in response latency. Average false alarm rate and response latency at threshold were 7.8% and 1.07 S for Millbrook canaries and 9.9% and 0.96 S for the other canaries.
Differences were not significant by a two-way ANOVA (group by test frequency) either in false alarm rate (df = 1,55, F = 2.35, p > 0.10) or response latency (df= 1,55, F = 2.57, p>0.10). As a check on the possibility that absolute auditory sensitivity changed with the season, as is clearly the case with vocal behavior in these birds (Nottebohm, 1981 ), one bird was tested at 1.0 and 4.0 kHz several times throughout the year. There were no differences in absolute auditory thresholds obtained in July, November, and March.
II. EXPERIMENT 2
The results of experiment 1 indicate that Waterslager canaries from the colony in Millbrook show elevated absolute thresholds. Experiment 2 was undertaken to determine whether these canaries are unusual with respect to another basic psycheacoustic measure--the critical masking ratio.
The threshold for pure tones masked by broadband noise provides one measure of the frequency resolving capabilities of the auditory system (Scharf, 1970) , and these data are already available for another avian species, the budgerigar (Melopsittacus undulatus).
A. Materials and methods
Subjects
The subjects in this experiment were four Waterslager canaries from the Millbrook colony and three Roller canaries.from experiment 1. In addition, three other species of small birds were tested to provide comparative data: a budgerigar (Melopsittacus undulatus), a song sparrow (Zonotrichia melodia), and a swamp sparrow (Zonotrichia georgiana).
Apparatus
The apparatus was the same as that employed in experiment 1. A background of broadband noise was produced by a Coulbourn Instruments noise generator and this noise was presented continuously in the test chamber. Noise spectrum levels of --8, 2, 12, 22, and 32 dB SPL were used to mask a 2.0-kHz test tone.
Training and testing procedure
The training and testing procedure was similar to that used in experiment 1. The birds were first trained and tested in the quiet. Once final thresholds were determined in quiet, testing in noise began. The birds were tested as in experiment 1 but in the presence of a background noise with a spectrum level of 32 dB. As in experiment 1, threshold testing was Other potential causes for the threshold differences reported here are less easily evaluated but the data do address several of the more obvious possibilities. Since male and female canaries show profound differences in vocal behavior, the possibility exists that there are differences between males and females in auditory sensitivity. The individual data presented in Fig. 2 show no differences between the female and the four male canaries from the Millbrook colony. There were also no differences in absolute thresholds between males and females for the normally hearing birds. Thus sex dtfferences are an unlikely explanation for the present findings.
There were age differences among our samples but these differences also do not provide a reasonable explanation for the present results. At the time of testing, the Millbrook canaries ranged in age from 26 to 76 months. The Millbrook canary with the lowest thresholds was 50 months old while the 26-month-old Millbrook canary had even higher thresholds (see Fig. 2} . The German Rollers were all 22 months old and the American Singer was 40 months old. The Belgian Waterslagers with normal thresholds from the earlier study (Dooling etal., 19711 were between 9 and 26 months old. On the average, the Millbrook canaries are older than the other canaries tested but the age range of both samples is large and the overlap sufficient so that changes in hearing with age cannot easily account for the threshold differences reported here. Unfortunately, the youngest In considering possible causes for the threshold differences reported here, it is tempting to speculate that the breeding of canaries over the years for beautiful plumage or pigmentation or clear, distinguishable song characteristics may have involved selection for elevated auditory thresholds• The differences in song between various strains of canary are well known among aviculturists. Roller canaries, in particular, are known to sing a much softer song than Belgian Waterslagers (Mundinger, 1985) . Perhaps the louder song characteristic of Waterslagers as a breed involves elevated auditory thresholds in some birds. While this is an interesting and viable hypothesis, it is difficult to reconcile with results of an earlier study {Dooling et aL, 1971) showing auditory thresholds in Belgian Waterslager canaries typical of those found in other birds (Fig. 3} .
Another interesting hypothesis suggests that some natural selection might have taken place over the last decade in the canary breeding room in Millbrook (Nottebohm, The idea here is that excessive auditory input may normally interfere with breeding. Good breeders may be characterized by high hearing thresholds in females that enable them to hear only their mate singing nearby. Young males may inherit a raised hearing threshold from their mothers and counter it by imitating only nearby males and singing a louder song, allowing the process of song learning to progress without obvious disruption. One test of this hypothesis would be to compare the hearing thresholds of good and poor breeders.
Although Millbrook canaries that we tested show a considerable threshold elevation for pure toneg, the results from the masking and intensity difference limen experiments provide additional information important for interpretation of these findings. Masked thresholds, or critical ratios, can be taken as one measure of the frequency resolving power of the auditory system (Scharf, 1970 
